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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable growth of a group III nitride semiconductor crystal having high quality 
on a substrate by using a simplified method. 

SOLUTION: On a heated substrate, group ID raw materials are supplied in the condition that the V/ID ratio is 
not more than 1000 (including the case that the V/HI ratio is 0) to form the group III nitride semiconductor 
(assuming that the group III nitride semiconductor can be represented as an InGaAIN), and then the group III 
nitride semiconductor crystal is produced in vapor growth on the substrate by using the group III raw 
materials and the nitrogen raw material. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] On the heated substrate, an HI group raw material is supplied for a V/IH ratio as 1000 (the case 
where a V/III ratio is 0 is included) or less, an III group nitride semi-conductor (an III group nitride semi- 
conductor shall be hereafter expressed with InGaAIN — ) The manufacture approach of an III group nitride 
semiconducting crystal of having the 1st process to form and the 2nd process which carries out vapor growth 
of the III group nitride semiconducting crystal on this substrate using an III group raw material and a nitrogen 
raw material after that. 

[Claim 2] The manufacture approach of the III group nitride semiconducting crystal according to claim 1 
characterized by using sapphire (aluminum 203) as said substrate. 

[Claim 3] The manufacture approach of an III group nitride semiconducting crystal according to claim 1 or 2 
that the HI group raw material supplied at said 1st process is characterized by including aluminum at least. 
[Claim 4] The manufacture approach of an III group nitride semiconducting crystal given in claim 1 
characterized by the III group nitride semiconducting crystal which carries out vapor growth on a substrate 
consisting of GaN at said 2nd process thru/or any 1 term of 3. 

[Claim 5] The manufacture approach of an HI group nitride semiconducting crystal given in claim 1 
characterized by using ammonia (NH3) as a nitrogen raw material at said 2nd process thru/or any 1 term of 4. 
[Claim 6] The manufacture approach of an III group nitride semiconducting crystal given in claim 1 
characterized by performing vapor growth by the organic metal chemical-vapor-deposition method (MOCVD 
law) in either [ at least ] said 1st process or the 2nd process thru/or any 1 term of 5. 
[Claim 7] The manufacture approach of an III group nitride semiconducting crystal given in claim 1 
characterized by the HI group nitride semi-conductor formed at said 1st process being an island-shape crystal 
lump thru/or any 1 term of 6. 

[Claim 8] The manufacture approach of an III group nitride semiconducting crystal given in claim 1 
characterized by the III group nitride semi-conductor formed at said 1st process being a columnar crystal 
thru/or any 1 term of 7. 

[Claim 9] The manufacture approach of the III group nitride semiconducting crystal according to claim 8 
characterized by said columnar crystal having adhered on a substrate so that at right angles [ the side face ] 
to a substrate side in general. 

[Claim 10] The manufacture approach of the III group nitride semiconducting crystal characterized by the 1st 
III group nitride semi-conductor being the aggregate of a columnar crystal or an island-shape crystal in the 
manufacture approach of the III group nitride semiconducting crystal which produces the 1 st III group nitride 
semi-conductor on the heated substrate, and produces the 2nd III group nitride semiconducting crystal on it. 
[Claim 11] The manufacture approach of the III group nitride semiconducting crystal according to claim 10 
characterized by said columnar crystal having adhered on a substrate so that at right angles [ the side face ] 
to a substrate side in general. 

[Claim 12] The III group nitride semiconducting crystal manufactured by the approach of a publication in claim 
1 thru/or any 1 term of 1 1 . 

[Claim 13] The III group nitride semi-conductor epitaxial wafer which formed the III group nitride 
semiconducting crystal layer further on the HI group nitride semiconducting crystal according to claim 12. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the crystalline good III group nitride semi-conductor (HI group 
nitride semi-conductor shall be hereafter expressed with InGaAIN) crystal used for production of a light 
emitting diode (LED), a laser diode (LD), an electron device, etc., and its manufacture approach. In order to 
carry out epitaxial growth of the especially crystalline good III group nitride semiconducting crystal on silicon 
on sapphire, it is related with the manufacture approach of the III group nitride semiconducting crystal which 
can be used suitably. 
[0002] 

[Description of the Prior Art] From the light, with the band gap of the direct transition mold of the energy 
equivalent to an ultraviolet radiation field, since efficient luminescence is possible, the commercial production 
as LED or LD has accomplished the III group nitride semi-conductor. Moreover, according to the 
heterojunction interface of an alumimium nitride gallium (AlGaN) and gallium nitride (GaN), it has the potential 
from which the property which is not acquired is acquired by the conventional group ID— V semiconductor also 
as an electron device — the two-dimensional electronic layer by the piezo-electric effect characteristic of an 
III group nitride semi-conductor is discovered. 

[0003] However, since an III group nitride semi-conductor has the dissociation pressure of the nitrogen which 
attains to 2000 atmospheric pressures at the training temperature of a single crystal, training of a single 
crystal is difficult and it is difficult in the present condition to use the single crystal substrate of the III group 
nitride semi-conductor as a substrate used for epitaxial growth like other groups m—V semiconductor. Then, 
the substrate which consists of the quality of the materials of a different kind, such as a sapphire (aluminum 
203) single crystal and a silicon carbide (SiC) single crystal, as a substrate used for epitaxial growth is used. 
[0004] Big grid mismatching exists between these different-species substrates and the III group nitride 
semiconducting crystal which carries out epitaxial growth on it. For example, between sapphire (aluminum 203) 
and gallium nitride (GaN), 6% of grid mismatching exists between SiC and gallium nitride 16%. When such big 
grid mismatching generally exists, it is difficult on a substrate to carry out epitaxial growth of the crystal 
directly, and even if it makes it grow up, a crystalline good crystal is not obtained, then, organic metal chemical 
vapor deposition (MOCVD) — when growing an IE group nitride semiconducting crystal epitaxially on a sapphire 
single crystal substrate or a SiC single crystal substrate by law, the layer called the low-temperature buffer 
layer which consists of alumimium nitride (AIN) and AlGaN was first deposited on the substrate, and, generally 
the method of carrying out epitaxial growth of the ID group nitride semiconducting crystal at an elevated 
temperature on it has been performed as shown in the patent No. 3026087 official report or JP,4-297023,A. 
[0005] Moreover, it is for example, P.Kung besides the growth approach using the above-mentioned low- 
temperature buffer layer, et al. Applied Physics The AIN layer which grew in the 900 to about 1200 degrees C 
hot temperature requirement is formed on a substrate like Letters, 66 (1995), 2958., or JP.9-64477.A, and the 
method of growing up gallium nitride on it is also indicated. 
[0006] 

[Problem(s) to be Solved by the Invention] the case where sapphire is used as a substrate — the above- 
mentioned low-temperature buffer layer — an outline — it is formed as follows. Silicon on sapphire is first 
heated to a 1000 degrees C - 1200 degrees C elevated temperature within the growth equipment of the 
MOCVD method, and a surface oxide film etc. is removed. Then, the temperature of growth equipment is 
reduced, an organic metal raw material and a nitrogen source are supplied to coincidence, using a V/ID ratio as 
3000-10000, and a low-temperature buffer layer is made to deposit on a substrate at the temperature of 
about 400-600 degrees C. here — a V/III ratio — a group-III-V-semiconducter crystal — MOCVD — the mol 
of the molecule which contains the III group element which circulates to a fission reactor in case it is made to 
grow up by law — the mol of a number and the molecule containing V group element — it is the ratio of a 
number. For example, when growing up gallium nitride using TMGa and ammonia, it is the ratio of the number of 
mols of TMGa and the number of mols of ammonia which circulate in a fission reactor. Then, supply of an 
organic metal raw material is suspended, heat treatment which the temperature of growth equipment is raised 
again and called crystallization of a low-temperature buffer layer is performed, and epitaxial growth of the III 
group nitride semiconducting crystal made into the purpose after an appropriate time is carried out. 
[0007] 400 degrees C - 600 degrees C of the pyrolysis of the ammonia used as the organic metal raw material 
used as a raw material, a nitrogen source, especially a nitrogen source which is the deposition temperature of 
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a low-temperature buffer layer are insufficient. Therefore, many defects are included in a low-temperature 
[ having made it freely deposit at such low temperature ] buffer layer. Moreover, in order to make a raw 
material react at low temperature, between the alkyl group of the organic metal of a raw material, or a non- 
decomposed nitrogen source, a polymerization reaction is produced and impurities, such as these reactants, 
are also contained so much during the crystal of a low-temperature buffer layer. 

[0008] The process of heat treatment called crystallization of a low-temperature buffer layer is carried out in 
order to cancel these defects and impurities. The crystallization process of a buffer layer heat-treats to a 
low-temperature buffer layer including many impurities or defects at the elevated temperature near the 
epitaxial growth temperature of an III group nitride semiconducting crystal, and performs removal of these 
impurities and defects to it. 

[0009] It is necessary to make it go up comparatively by the growth approach using a low-temperature buffer 
layer as mentioned above for a short time to the temperature field of about 1000 degrees C which lowers the 
temperature and performs annealing from nearly 500 degrees C continuously to nearly 500 degrees C which is 
the temperature into which a buffer layer is grown up from 1200 degrees C which is the temperature of 
thermal cleaning of substrate temperature. Under the present circumstances, generally long time amount is 
needed for modification of the temperature accompanying cooling, and the energy of many amounts is needed 
for the rapid rise of temperature. 

[0010] Moreover, in a substrate, curvature arises by giving the hysteresis of such various temperature to a 
substrate.' Furthermore, a crack and a check may produce a substrate by curvature. Moreover, the curvature 
of a substrate affects the crystal layer which grows on it, and in case it produces especially LED structure, it 
produces the unevenness in the substrate side of luminescence wavelength or luminescence reinforcement. 
[0011] Moreover, AIN which grew in the 900 to about 1200 degrees C hot temperature requirement is formed 
on a substrate to the growth approach using such a low-temperature buffer layer, and the method of growing 
up gallium nitride on it is also indicated (for example, P.Kung, et al., Applied Physics Letters, 66 (1995), 2958. , 
etc.). It is indicated that it is possible to make it the X-ray rocking curve of a field (0002), and to produce 
30arcsec(s) and a very good crystal by this approach for this example of precedence. However, according to 
the place where we retested this technique, the gallium nitride crystal film produced by this technique is the 
very high crystal of column nature, and it turned out that many grain boundaries are included in a crystal. Such 
a crystal has the high consistency of the penetration rearrangement generated towards a front face from a 
substrate. For this reason, the property which may produce component structures, such as a light emitting 
device and an electron device, is not acquired. 

[0012] Moreover, the growth approach using the AIN layer similarly produced at the elevated temperature is 
described also in JP.9-64477A In this reference, it is made desirable for the IE group nitride semiconducting 
crystal to produce to be a crystalline good single crystal. Although we repeated the experiment, by the growth 
approach using good single crystal AIN film which was described by this reference as well as the approach 
indicated by the above-mentioned reference, the crystal which produces component structure and can acquire 
a good property was not able to be grown up. Migration of the atom which adhered in early stages of growth 
was not performed well, but this is considered for being hard to carry out two-dimensional growth, in case an 
III group nitride semi-conductor will be grown up on it, if the layer of a crystalline good single crystal is used as 
a buffer layer. 

[0013] Thus, since enough crystalline III group nitride semiconducting crystals to produce a component cannot 
be obtained, at present, the growth approach of the III group nitride semiconducting crystal using the AIN 
buffer layer which grew at the elevated temperature is not so common. 

[0014] This invention is replaced with the approach using the elevated-temperature AIN layer which has a 
problem in the approach using a low-temperature buffer layer with the need of setting up many temperature 
fields in this way, or the quality of a crystal produced, and the manufacture approach of an III group nitride 
semiconducting crystal with a temperature change able to form the III group nitride semiconducting crystal of 
high quality at comparatively few processes is offered. The manufacture approach of the IE group nitride 
semiconducting crystal which can be especially grown epitaxially in the III group nitride semiconducting crystal 
of high quality on silicon on sapphire is offered. Moreover, this invention is an III group nitride semi-conductor 
epitaxial wafer using the m group nitride semiconducting crystal and III group nitride semiconducting crystal of 
the high quality manufactured by the manufacture approach of the aforementioned III group nitride 
semiconducting crystal. 
[0015] 

[Means for Solving the Problem] This invention supplies an III group raw material for a V/m ratio as 1000 (the 
case where a V/m ratio is 0 is included) or less on the substrate which carried out (1) heating. HI group nitride 
semi-conductor (an HI group nitride semi-conductor shall be hereafter expressed with InGaAIN) The 
manufacture approach of an III group nitride semiconducting crystal of having the 1st process to form and the 
2nd process which carries out vapor growth of the III group nitride semiconducting crystal on this substrate 
using an III group raw material and a nitrogen raw material after that. 

(2) The manufacture approach of an III group nitride semiconducting crystal given in (1) characterized by using 
sapphire (aluminum 203) as said substrate. 

(3) The above (1) whose III group raw material supplied at said 1st process is characterized by including 
aluminum at least, or the manufacture approach of an III group nitride semiconducting crystal given in (2). 
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(4) The above (1) characterized by the III group nitride semiconducting crystal which carries out vapor growth 
on a substrate consisting of GaN at said 2nd process thru/or the manufacture approach of an III group nitride 
semiconducting crystal given in (3). 

(5) The above (1) characterized by performing vapor growth by the organic metal chemical-vapor-deposition 
method (MOCVD law) in either [ at least ] said 1st process or the 2nd process thru/or the manufacture 
approach of an III group nitride semiconducting crystal given in (4). 

(6) The above (1) characterized by using ammonia (NH3) as a nitrogen raw material at said 2nd process 
thru/or the manufacture approach of an HI group nitride semiconducting crystal given in (5). 

(7) The above (1) characterized by the III group nitride semi-conductor formed at said 1st process being an 
island-shape crystal lump thru/or the manufacture approach of an III group nitride semiconducting crystal 
given in (6). 

(8) The above (1) characterized by the III group nitride semi-conductor formed at said 1st process being a 
columnar crystal thru/or the manufacture approach of an III group nitride semiconducting crystal given in (7). 

(9) The manufacture approach of an HI group nitride semiconducting crystal given in (8) characterized by said 
columnar crystal having adhered on a substrate so that at right angles [ the side face ] to a substrate side in 
general. It comes out. 

[0016] Moreover, this invention is the manufacture approach of the III group nitride semiconducting crystal 
characterized by the 1st III group nitride semi-conductor being the aggregate of a columnar crystal or an 
island-shape crystal in the manufacture approach of the ID group nitride semiconducting crystal which 
produces the 1st III group nitride semi-conductor on the substrate which carried out (10) heating, and 
produces the 2nd III group nitride semiconducting crystal on it. 

(11) The manufacture approach of an HI group nitride semiconducting crystal given in (10) characterized by 
said columnar crystal having adhered on a substrate so that at right angles [ the side face ] to a substrate 
side in general. It comes out. 

[0017] Moreover, this invention is the III group nitride semiconducting crystal manufactured by the approach 

(12) above (1) thru/or given in (11). It comes out. 

[0018] Moreover, this invention is the III group nitride semi-conductor epitaxial wafer which formed the III 
group nitride semiconducting crystal layer further on the III group nitride semiconducting crystal given in (13) 
above (12). It comes out. 
[0019] 

[Embodiment of the Invention] The manufacture approach of the III group nitride semiconducting crystal of this 
invention supplies an IE group raw material for a V/ID ratio as 1000 (the case where a V/m ratio is 0 is 
included) or less on the heated substrate, and has the 1st process which forms an III group nitride semi- 
conductor, and the 2nd process which carries out vapor growth of the III group nitride semiconducting crystal 
on this substrate, using an III group raw material and a nitrogen raw material after that. The manufacture 
approach of an III group nitride semiconducting crystal of having the 1st and 2nd above-mentioned process 
enables it to form a crystalline good III group nitride semiconducting crystal on a substrate. In addition, it shall 
be expressed an III group nitride semi-conductor by InGaAIN by this invention. 

[0020] It is thought that the stoichiometry (stoichiometry) of V group element under crystal and an III group 
element is not set to 1:1, but an m group element shifts to a superfluous side, and the III group nitride 
semiconducting crystal which the V/m ratio produced on condition that 1000 or less low V/m ratio has 
become an overmetal. In such an ID group nitride semiconducting crystal layer, the superfluous III group 
element exists as ****** or a drop. Therefore, if an HI group nitride semiconducting crystal is grown up on it, 
the migration in early stages of growth will progress efficiently, and it is thought that lateral two-dimensional 
growth can be performed. However, about the detail of a device, it is unknown. 

[0021] It is said also in JP.9-64477.A that the AIN film produced by the small V/III ratio to grow up a good III 
group nitride semi-conductor is desirable. However, in this reference, it is made desirable for the III group 
nitride semiconducting crystal to produce to be a crystalline good single crystal. We found out functioning 
rather than the single crystal film as it being better a buffer layer [ be / it / the aggregate of a columnar 
crystal or an island-shape crystal ] by repeating an experiment and analysis. This is that ****** and a drop 
enter the grain boundary which exists in the layer which consists of a columnar crystal or an island-shape 
crystal, and is considered for being easy to produce the crystal like an overmetal. However, about a detail, it is 
unknown. 

[0022] Since there are little rise and fall of temperature as compared with the approach of using the 
conventional low-temperature buffer layer, this approach has a short process and there is little power 
consumption. By this, compaction of a manufacture process and the formation of ** cost are possible. 
Moreover, according to there being little change of temperature, the curvature of a substrate can be 
suppressed to the minimum and the homogeneity of a component property becomes good. Moreover, it is 
possible to produce the crystal in which a good component property is shown as compared with the growth 
approach using the AIN layer which grew at the elevated temperature indicated until now. 

[0023] In this invention, glass, SiC and Si, GaAs, sapphire, etc. can be used as a substrate. Here, it is desirable 
for said substrate to be sapphire (aluminum 203) especially in this invention. There is an advantage 
[ substrate / quality ] of being cheaply available, with a substrate being sapphire. As field bearing of silicon on 
sapphire, although the m-th page, the a-th page, the c-th page, etc. can be used, the c-th page (0001) (field) 
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is desirable especially, and it is desirable for the vertical axes on the front face of a substrate to incline in the 
specific direction from <0001> further. Moreover, since it can maintain the condition'on the front face of a 
substrate at a fixed condition if pretreatment like organic washing or etching is performed before using for the 
1st process the substrate used for this invention, it is desirable. 

[0024] In this invention, trimethylaluminum, triethylaluminum, tertiarybutyl aluminum, trimethylgallium, 
triethylgallium, a tertiarybutyl gallium, trimethylindium, triethylindium, a tertiarybutyl indium, a cyclopentadienyl 
indium, etc. can be used as an III group raw material supplied at the 1st process. Moreover, when an III group 
raw material contains aluminum at least like in trimethylaluminum, triethylaluminum, tertiarybutyl aluminum, 
etc., especially since the nitride containing aluminum has the effectiveness that are hard to cause 
decomposition and sublimation and a crystal tends to grow up to be a substrate also at an elevated 
temperature since decomposition temperature is high, it is desirable. 

[0025] Moreover, at the 1st process of this invention, an III group nitride semi-conductor is formed by 
supplying V group raw materials, such as ammonia, alkylamines, and hydrazines, to an ID group raw material and 
coincidence. In this invention, the V/III ratio at the time of supplying an ID group raw material in the 1st 
process is made or less into 1000. It carries out to 500 or less still more preferably, and carries out to 100 or 
less still more preferably. By setting up a V/III ratio in this way, it is effective in being easy to produce a 
compound semiconductor crystal with a more superfluous metal. 

[0026] In this invention, a V/III ratio may be [ the amount of supply of 0, i.e., V group raw material, ] 0. 
However, even if V group raw material deliberately supplied in this case is 0, it is required to form an ID group 
nitride semi-conductor with the nitrogen supplied from decomposition of the affix adhering to the wall surface 
and top plate of a fission reactor, a susceptor, etc. In this case, it is necessary to control a presentation and 
amount of the affix adhering to the wall surface and top plate of a fission reactor, a susceptor, etc. proper. 
The baking time amount and temperature of a fission reactor after growth termination are adjusted, or, 
specifically, it suspends carrying out itself. Moreover, the process called the thermal cleaning which is a 
technique general to growth using a low-temperature buffer also adjusts time amount and temperature, or 
suspends carrying out itself. When an example was described, only the metal content compound was circulated 
having used the substrate as 1000 degrees C as the 1st process and crystal growth which is the 2nd process 
after that was performed after performing the last growth, not performing baking but performing thermal 
cleaning for 10 minutes in 600 degrees C, the good III group nitride semiconducting crystal was producible. 
[0027] moreover — the — one — a process — it can set — V/III — a ratio — zero — ****** — being good 

— HI — a group — a nitride — a semiconducting crystal — obtaining — having — already — one — a ** — 
conditions — ****** — carrier gas — N — two — using — 1000 — degree C — being near — temperature 

— N — two — being small — decomposition — being generated — nitrogen — ( — N — ) — an atom — a 
nitrogen source — ****** — using — an approach — it is . 

[0028] At the 1st process of this invention, independent gas or mixed gas, such as hydrogen, rare gas, and 
nitrogen, can be used as a controlled atmosphere. As stated above, when nitrogen is used as a controlled 
atmosphere, nitrogen gas may be functioning also as material gas. 

[0029] Moreover, the pressure of the ambient atmosphere at the time of performing the 1st process can be 
set to 1000 to 1x105Pa. Desirably, it is referred to as 1x105Pa or less, and may be 1x104Pa or less still more 
desirably. When the pressure in the 1st process is low, the front face of the III group nitride semi-conductor 
layer with a superfluous metal produced becomes flat, and the front face of the 2nd m group nitride semi- 
conductor layer which grows on it is also effective in being easy to carry out flattening. 

[0030] Moreover, although this invention does not prescribe especially the temperature of the substrate at the 
time of performing the temperature and tfie 2nd process of a substrate at the time of performing the 1st 
process, the 1st process is performed, it is the same as the temperature of the substrate at the time of 
performing the 2nd following process, or a more high thing is desirable [ the temperature of the substrate in 
the case ]. When it is the same as the temperature of the substrate at the time of performing the 2nd process 
or the 1st process is performed at higher temperature, there is an advantage that disassembly of the 
organometallic compound molecule which is III group material gas is performed efficiently, and the impurity by 
the alkyl group which is not decomposed in the crystal formed is not mixed. 

[0031] It is made for the III group nitride semi-conductor formed at the 1st process of this invention to serve 
as an island-shape crystal lump. That is, it considers as a set of the island-shape crystal lump with which 1 to 
500nm crowded [ width of face ], and 5 to about 100nm island-shape particle mass crowded [ height ]. By 
considering an m group nitride as an island-shape crystal, since many grain boundaries are produced in a 
crystal layer, it is thought that the effectiveness that ****** and a drop become easy to remain there and 
function as a layer with a more superfluous metal is acquired. Moreover, distribution of an island-shape crystal 
may not be so dense, and you may be the structure which can be seen between a crystal lump and a crystal 
lump. In this case, since the field where the rates of crystal growth differ is intermingled on a front face, the 
consistency of a penetration rearrangement decreases according to the effectiveness of selective growth, and 
a better crystal can be produced. 

[0032] Or it is made for the IE group nitride semi-conductor formed at the 1st process of this invention to 
serve as a columnar crystal. That is, it considers as the columnar crystal with which 0.1 to 100nm gathered 
[ width of face 1 and the particles of the shape of a 10 to about 500nm column gathered [ height ]. By using 
an HI group nitride as a columnar crystal, since many grain boundaries are produced in a crystal layer, it is 
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thought that the effectiveness that ****** anc | a ^rop become easy to remain there and function as a layer 
with a more superfluous metal is acquired. 

[0033] Moreover, at the 2nd process of this invention, vapor growth of the III group nitride semiconducting 
crystal is carried out on the substrate which formed the III group nitride at the 1st process using an III group 
raw material and a nitrogen raw material. Since it is easy to carry out two-dimensional growth of the GaN to 
the HI group nitride semiconducting crystal to grow up being GaN also in an III group nitride semi-conductor, it 
is easy to consider as the flat crystal film and is desirable. By GaN, if the flat and good crystal film is made to 
once produce, it will become easy on it to produce the semiconductor device structure using the m group 
nitride semiconducting crystal layer of various presentations. 

[0034] In the 1st process of this invention, the 2nd process, or the process of the both, an organic metal 
chemical-vapor-deposition method (MOCVD law) and a vapor phase epitaxy method (VPE law) can be used as 
vapor growth, this inner MOCVD — law can adjust the rate of disassembly of an III group raw material, and a 
growth rate is also suitable for it — etc. — it is desirable by the reason. Moreover, according to the MOCVD 
method, various component structures of having a good property on a crystal can be produced, without taking 
out the substrate which carried out flattening outside a fission reactor. 

[0035] the 2nd process — MOCVD — as for the pressure of 950 degrees C to 1200 degrees C, and an 
ambient atmosphere, it is [ the temperature of the substrate at the time of growing up an III group nitride 
semiconducting crystal by law ] desirable to be referred to as 1000 to 1x105Pa. 

[0036] Moreover, as a nitrogen raw material used at the 2nd process, it is easy, and many handling is 
circulating in the commercial scene, and since a price is also cheap, it is desirable [ ammonia (NH3) is a gas, 
and ]. As an III group raw material, trimethylaluminum, triethylaluminum, tertiarybutyl aluminum, 
trimethylgallium. triethylgallium, a tertiarybutyl gallium, trimethylindium, triethylindium, a tertiarybutyl indium, 
and a cyclopentadienyl indium can be used. Moreover, as for the V/IH ratio at the time of growing up an III 
group nitride semiconducting crystal at the 2nd process, being referred to as 500-20000 is desirable. 
[0037] By the manufacture approach of an III group nitride semiconducting crystal of having the 1st and 2nd 
above-mentioned process, the process of a short time and power saving, on a substrate, homogeneity is high 
and can form a crystalline good III group nitride semiconducting crystal in this invention. Therefore, the III 
group nitride semi-conductor epitaxial wafer which has the laminated structure used for production of a light 
emitting diode, a laser diode, or an electron device is producible by forming an III group nitride semiconducting 
crystal layer further on the above-mentioned III group nitride semiconducting crystal. 
[0038] 

[Example] Hereafter, this invention is concretely explained based on an example. 

(Example 1) The manufacture approach of the gallium nitride system compound semiconductor crystal 
concerning this invention is explained. Processing which circulates the gas containing the gas which made the 
mole ratio the steam of trimethylaluminum (TMAI) and the steam of trimethylgallium (TMGa), and was mixed as 
the 1st process on silicon on sapphire in this example 1 1:2, and the gas containing ammonia (NH3) was 
performed, TMGa and ammonia were circulated as the 2nd process, gallium nitride was grown up, and the GaN 
layer which consists of a gallium nitride crystal on silicon on sapphire was produced. The V/IH ratio in the 
conditions used at the 1 st process is about 85. 

[0039] production of the sample containing the above-mentioned GaN layer — MOCVD — the following 
procedures performed using law. First, before introducing silicon on sapphire, the affix adhering to the interior 
of a fission reactor is heated and nitrided in the gas containing ammonia and hydrogen by the last growth 
performed with the same equipment, and it was made to be hard to decompose more than this. It introduced 
that a fission reactor lowered the temperature to a room temperature into the fission reactor made from 
waiting and the quartz continuously installed into the RF coil of an induction-heating type heater in silicon on 
sapphire. Silicon on sapphire was laid on the susceptor made from the carbon for heating in the glove 
compartment by which nitrogen inert gas replacement was carried out. After introducing a sample, nitrogen 
gas was circulated and the inside of a fission reactor was purged. After circulating nitrogen gas over for 10 
minutes, the induction-heating type heater was operated and the temperature up of the substrate 
temperature was carried out to 1170 degrees C over 10 minutes. It was left for 9 minutes, circulating hydrogen 
gas and nitrogen gas, keeping substrate temperature at 1170 degrees C, and thermal cleaning on the front face 
of a substrate was performed. While performing thermal cleaning, hydrogen carrier gas was circulated for piping 
of the container (bubbler) containing the container (bubbler) containing the trimethylgallium (TMGa) which is 
the raw material connected to the fission reactor, and trimethylaluminum (TMAI), and bubbling was started. 
The temperature of each bubbler was uniformly acjjusted using the thermostat for ac(justing temperature. The 
steam of TMGa generated by bubbling and TMAI was circulated to piping to damage elimination equipment 
together with carrier gas, and was emitted out of the system through damage elimination equipment until the 
growth process started. The bulb of nitrogen carrier gas was made close after termination of thermal cleaning, 
and supply of the gas into a fission reactor was made only into hydrogen. 

[0040] 1 150 degrees C was made to lower the temperature of a substrate after the change of carrier gas. 
After checking that temperature had been stabilized at 1 150 degrees C, the bulb of ammonia piping was 
opened and circulation into the furnace of ammonia was started. Then, the bulb of piping of TMGa and TMAI 
was changed to coincidence, the gas containing the steam of TMGa and TMAI was supplied into the fission 
reactor, and the 1st process which makes an III group nitride semi-conductor adhere on silicon on sapphire 
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was started. The mixing ratio of TMGa to supply and TMAI was adjusted so that it mjght be set to 2:1 by the 
mole fraction by the flow regulator installed in piping which carries out bubbling, and the amount of ammonia 
was ac|justed so that a V/III ratio might be set to 85. The bulb of piping of TMGa and TMAI was changed to 
coincidence after the processing for 6 minutes, and supply was suspended for the gas containing the steam of 
TMGa and TMAI into the fission reactor. Then, supply of ammonia was also suspended and it held for 3 
minutes as it is. 

[0041] The bulb of piping of ammonia gas was changed after annealing for 3 minutes, and supply of ammonia 
gas was again started in the furnace. Ammonia was then circulated for 4 minutes. In the meantime, the flow 
rate of the flow regulator of piping of TMGa was ac(justed. After 4 minutes, the bulb of TMGa was changed, 
supply into the furnace of TMGa was started, and growth of GaN was started. After growing up the above- 
mentioned GaN layer over about 1 hour, the bulb of piping of TMGa was changed, supply to the fission reactor 
of a raw material was ended, and growth was stopped. After ending growth of a GaN layer, the energization to 
an induction-heating type heater was stopped, and the temperature of a substrate was lowered over 20 
minutes to the room temperature. Although the ambient atmosphere in a fission reactor was constituted from 
ammonia, nitrogen, and hydrogen like under growth during the temperature fall, supply of ammonia and 
hydrogen was suspended after checking that the temperature of a substrate has become 300 degrees C. Then, 
substrate temperature was lowered to the room temperature, circulating nitrogen gas, and the sample was 
taken out in atmospheric air. 

[0042] The sample which formed the III group nitride semi-conductor layer with a superfluous metal which has 
a columnar structure on silicon on sapphire, and formed the GaN layer of 2-micrometer thickness by undoping 
on it according to the above process was produced. Some taken-out substrates are presenting the color which 
a blacking wash like a metal cut, and it was shown that the III group nitride semi-conductor layer formed in the 
interface with a substrate is the thing of stoichiometry with a superfluous metal. The growth side was a mirror 
plane. 

[0043] Next, X-ray rocking curve (XRC) measurement of the undoping GaN layer which grew by the above- 
mentioned approach was performed. It carried out to measurement in respect of being the field and 
unsymmetrical side which are plane of symmetry (0002) (10—12), using Cu beta— rays X— ray generation source 
as the light source. Generally, in the case of a gallium nitride system compound semiconductor, the XRC 
spectral half-width of a field (0002) serves as an index of the surface smoothness (MOZAI city) of a crystal, 
and the XRC spectral half-width of a field (10-12) serves as an index of dislocation density (twist). As a result 
of this measurement measurement of a field (0002) showed the undoping GaN layer produced by the approach 
of this invention, and it showed half-value-width 350 seconds for half-value-width 230 seconds in the field 
(10-12). 

[0044] Moreover, the outermost surface of the above-mentioned GaN layer was observed using the common 
atomic force microscope (AFM). Consequently, the growth pit was not seen in a front face, but the front face 
of good morphology was observed. 

[0045] When the cross section of this sample was observed with the transmission electron microscope (TEM), 
the AIN film which has many grain boundaries in a substrate side and an abbreviation perpendicular direction 
was observed by the interface of silicon on sapphire and a gallium nitride layer. Thickness was about 60nm and 
the distance of a grain boundary and a grain boundary was 5nm to 50nm. It is thought that this layer is a layer 
which consists of the aggregate of a longwise columnar crystal. According to elemental analysis, this film 
contained about 20% of Ga. 

[0046] (Example 2) In the example 2, it experimented by the almost same process as an example 1 using the 
conditions from which making growth of an HI group nitride semi-conductor into 2 minutes at the 1st process 
only differs. Also in this case, the front face of the taken-out wafer was a mirror plane-like. The color was 
transparent and colorless. 

[0047] When the cross section of this sample was observed with the transmission electron microscope (TEM), 
it was checked that the island-shape AIN crystal lump exists in the interface of silicon on sapphire and a 
gallium nitride layer. According to elemental analysis, this crystal lump contained about 15% of Ga. 
[0048] When the growth same to this experiment process and the middle was performed, the sample which 
stopped the process and was taken out from the growth furnace before growth of a gallium nitride layer was 
produced and the morphology of the front face was observed with the atomic force microscope (AFM), the 
alumimium nitride crystal lumps with which a cross section has the configuration of trapezoidal shape were 
scattered by the shape of a hexagon the configuration seen from the top wore on the sapphire front face. 
[0049] (Example 3) In this example 3, silicon on sapphire was introduced into the fission reactor after the last 
experiment, without carrying out baking before performing growth, the gas containing the steam of 
trimethylaluminum (TMAI) was circulated as the 1st process, TMGa and ammonia were circulated as the 2nd 
process, gallium nitride was grown up, and the GaN layer which consists of a gallium nitride crystal on silicon 
on sapphire was produced. Although the meant V/m ratio in this example is 0, little N atom is supplied by 
decomposition of the affix adhering to the wall surface and top plate of a fission reactor etc. on the substrate. 
[0050] production of the sample containing the above-mentioned GaN layer — MOCVD — the following 
procedures performed using law. First, silicon on sapphire was introduced into the fission reactor made from a 
quartz installed into the RF coil of an induction-heating type heater. Silicon on sapphire was laid on the 
susceptor made from carbon for heating in the glove compartment by which nitrogen inert gas replacement 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



06/11/24 



JP.2003-243302.A [DETAILED DESCRIPTION] 



7/11 ^— v 



was carried out. After introducing a sample, nitrogen gas was circulated and.the inside of a fission reactor was 
purged. After circulating nitrogen gas over for 10 minutes, the induction-heating type heater was operated and 
the temperature up of the substrate temperature was carried out to 600 degrees C over 10 minutes. It was 
left for 9 minutes, circulating hydrogen gas, keeping substrate temperature at 600 degrees C. Between them, 
hydrogen carrier gas was circulated for piping of the container (bubbler) containing the container (bubbler) 
containing the trimethylgallium (TMGa) which is the raw material connected to the fission reactor, and 
trimethylalurrtinum (TMAI), and bubbling was started. The temperature of each bubbler was uniformly ac(justed 
using the thermostat for aojusting temperature. The steam of TMGa generated by bubbling and TMAI was 
circulated to piping to damage elimination equipment together with carrier gas, and was emitted out of the 
system through damage elimination equipment until the growth process started. Then, supply of hydrogen gas 
was started into the fission reactor by making the bulb of nitrogen carrier gas close. 

[0051] The temperature up of the temperature of a substrate was carried out to 1 150 degrees C after the 
change of carrier gas. After checking that temperature had been stabilized at 1 150 degrees C, the bulb of 
piping of TMAI was changed and the gas containing the steam of TMAI was supplied into the fission reactor. 
Under the present circumstances, I think that little N was supplied to TMAI and coincidence to the substrate 
by decomposition of the affix adhering to the wall surface and top plate of a fission reactor. The bulb of piping 
of TMAI was changed to coincidence after the processing for 9 minutes, into the fission reactor, supply was 
suspended and the gas containing the steam of TMAI was held for 3 minutes as it was. 

[0052] The bulb of piping of ammonia gas was changed after annealing for 3 minutes, and supply of ammonia 
gas was started in the furnace. Ammonia was then circulated for 4 minutes. In the meantime, the flow rate of 
the flow regulator of piping of TMGa was adjusted. After 4 minutes, the bulb of TMGa was changed, supply into 
the furnace of TMGa was started, and growth of GaN was started. After growing up the above-mentioned GaN 
layer over about 1 hour, the bulb of piping of TMGa was changed, supply to the fission reactor of a raw 
material was ended, and growth was stopped. After ending growth of a GaN layer, the energization to an 
induction-heating type heater was stopped, and the temperature of a substrate was lowered over 20 minutes 
to the room temperature. Although the ambient atmosphere in a fission reactor was constituted from ammonia, 
nitrogen, and hydrogen like under growth during the temperature fall, supply of ammonia and hydrogen was 
suspended after checking that the temperature of a substrate has become 300 degrees C. Then, substrate 
temperature was lowered to the room temperature, circulating nitrogen gas, and the sample was taken out in 
atmospheric air. 

[0053] The sample which formed the IE group nitride semi-conductor layer with a superfluous metal which has 
a columnar structure at the 1st process on silicon on sapphire, and formed the GaN layer of 2-micrometer 
thickness by undoping on it according to the above process was produced. The taken-out substrate is 
presenting the color which a blacking wash like a metal cut somewhat like the example 1, and it was shown 
that the III group nitride semi-conductor formed in the interface with a substrate is the thing of stoichiometry 
with a superfluous metal. The growth side was a mirror plane. 

[0054] Next, XRC measurement of the undoping GaN layer which grew by the above-mentioned approach was 
performed. It carried out to measurement in respect of being the field and unsymmetrical side which are plane 
of symmetry (0002) (10-12), using Cu beta-rays X-ray generation source as the light source. As a result of 
measurement, measurement of a field (0002) showed the undoping GaN layer produced by the approach of this 
invention, and it showed half-value-width 330 seconds for half-value-width 200 seconds in the field (10-12). 
[0055] Moreover, the outermost surface of the above-mentioned GaN layer was observed using the common 
atomic force microscope (AFM). Consequently, the growth pit was not seen in a front face, but the front face 
of good morphology was observed. 

[0056] When the cross section of this sample was observed with the transmission electron microscope (TEM), 
the AIN film which has many grain boundaries in a substrate side and an abbreviation perpendicular direction 
was observed by the interface of silicon on sapphire and a gallium nitride layer. Thickness was about 20nm and 
the distance of a grain boundary and a grain boundary was 10nm to 50nm. It is thought that this layer is a 
layer which consists of the aggregate of a longwise columnar crystal. According to elemental analysis, this film 
contained about 5% of Ga. 

[0057] (Example 4) In this example 4, processing which circulates the gas containing the gas which made the 
mole ratio the steam of trimethylaluminum (TMAI) and the steam of trimethylindium (TMIn), and was mixed by 
2:1 as the 1st process on silicon on sapphire, using nitrogen as carrier gas was performed, TMGa and ammonia 
were circulated as the 2nd process, gallium nitride was grown up, and the GaN layer which consists of a 
gallium nitride crystal on silicon on sapphire was produced. In the 1 st process, the nitrogen gas which is carrier 
gas decomposes slightly, and it is thought that the little nitrogen atom is supplied. 

[0058] production of the sample containing the above-mentioned GaN layer — MOCVD — the following 
procedures performed using law. First, before introducing silicon on sapphire, the affix adhering to the interior 
of a fission reactor is heated in the gas containing ammonia and hydrogen, and it nitrides, and was made not to 
decompose by the last growth performed with this equipment. It introduced that a fission reactor lowered the 
temperature to a room temperature into the fission reactor made from waiting and the quartz continuously 
installed into the RF coil of an induction-heating type heater in silicon on sapphire. Silicon on sapphire was laid 
on the susceptor made from carbon for heating in the glove compartment by which nitrogen inert gas 
replacement was carried out. After introducing a sample, nitrogen gas was circulated and the inside of a fission 
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reactor was purged. After circulating nitrogen gas over for 10 minutes, the igduction-heating type heater was 
operated and the temperature up of the substrate temperature was carried out to 1 f 70 degrees C over 10 
minutes. It was left for 9 minutes, circulating hydrogen gas, keeping substrate temperature at 1170 degrees C, 
and thermal cleaning on the front face of a substrate was performed. While performing thermal cleaning, 
hydrogen carrier gas was circulated for piping of the container (bubbler) containing the container (bubbler) 
containing the container (bubbler) containing the trimethylgallium (TMGa) which is the raw material connected 
to the fission reactor, and trimethylaluminum (TMAI), and trimethylindium (TMIn), and bubbling was started. 
The temperature of each bubbler was uniformly ac[justed using the thermostat for ac|justing temperature. The 
steam of TMGa generated by bubbling, TMAI, and TMIn was circulated to piping to damage elimination 
equipment together with carrier gas, and was emitted out of the system through damage elimination equipment 
until the growth process started. The bulb of hydrogen carrier gas was made close after termination of thermal 
cleaning, it changed and supply of the gas into a fission reactor was used as nitrogen by making the supply 
bulb of nitrogen gas open. 

[0059] 1 1 50 degrees C was made to lower the temperature of a substrate after the change of carrier gas. 
After checking that temperature had been stabilized at 1 150 degrees C, the bulb of piping of TMIn and TMAI 
was changed to coincidence, the gas containing the steam of TMIn and TMAI was supplied into the fission 
reactor, and the processing to which an III group nitride semi-conductor is made to adhere on silicon on 
sapphire as the 1st process was started. The mixing ratio of TMIn to supply and TMAI was adjusted so that it 
might be set to 1:2 by the mole fraction by the flow regulator installed in piping which carries out bubbling. The 
bulb of piping of TMIn and TMAI was changed to coincidence after the processing for 6 minutes, into the 
fission reactor, supply was suspended and the gas containing the steam of TMIn and TMAI was held for 3 
minutes as it was. 

[0060] The bulb of piping of ammonia gas was changed after annealing for 3 minutes, and supply of ammonia 
gas was started in the furnace. Ammonia was then circulated for 4 minutes. In the meantime, the flow rate of 
the flow regulator of piping of TMGa was adjusted. After 4 minutes, the bulb of TMGa was changed, supply into 
the furnace of TMGa was started, and growth of GaN was started. After growing up the above-mentioned GaN 
layer over about 1 hour, the bulb of piping of TMGa was changed, supply to the fission reactor of a raw 
material was ended, and growth was stopped After ending growth of a GaN layer, the energization to an 
induction-heating type heater was stopped, and the temperature of a substrate was lowered over 20 minutes 
to the room temperature. Although the ambient atmosphere in a fission reactor was constituted from ammonia, 
nitrogen, and hydrogen like under growth during the temperature fall, supply of ammonia and hydrogen was 
suspended after checking that the temperature of a substrate has become 300 degrees C. Then, substrate 
temperature was lowered to the room temperature, circulating nitrogen gas, and the sample was taken out in 
atmospheric air. 

[0061] The sample which formed the ID group nitride semi-conductor layer with a superfluous metal which has 
a columnar structure on silicon on sapphire, and formed the GaN layer of 2-micrometer thickness by undoping 
on it according to the above process was produced. The taken-out substrate was transparent and colorless. 
The growth side was a mirror plane. 

[0062] Next, XRC measurement of the undoping GaN layer which grew by the above-mentioned approach was 
performed. It carried out to measurement in respect of being the field and unsymmetrical side which are plane 
of symmetry (0002) (10-12), using Cu beta-rays X-ray generation source as the light source. As a result of 
this measurement, measurement of a field (0002) showed the undoping GaN layer produced by the approach of 
this invention, and it showed half-value-width 400 seconds for half-value-width 350 seconds in the field (10- 
12). 

[0063] Moreover, the outermost surface of the above-mentioned GaN layer was observed using the common 
atomic force microscope (AFM). Consequently, the growth pit was not seen in a front face, but the front face 
of good morphology was observed. 

[0064] When the cross section of this sample was observed with the transmission electron microscope (TEM), 
the AlInN film which has many grain boundaries in a substrate side and an abbreviation perpendicular direction 
was observed by the interface of silicon on sapphire and a gallium nitride layer. Thickness was about 10nm and 
the distance of a grain boundary and a grain boundary was 5nm to 50nm. It is thought that this layer is a layer 
which consists of the aggregate of a longwise columnar crystal. 

[0065] (Example 5) This example 5 explains the manufacture approach of a gallium nitride system compound 
semiconductor light emitting device of having used the manufacture approach of the III nitride semiconducting 
crystal of this invention. In this example 5, the flat low Si dope GaN crystal was produced using the same 
conditions as an example 3 t and the epitaxial wafer which has the epitaxial layer structure for semi-conductor 
light emitting devices which forms an III group nitride semiconducting crystal layer on it further, and is finally 
shown in drawing 1 was produced. An epitaxial wafer that is, on the silicon on sapphire 9 which has the c-^th 
page After forming the AIN layer 8 with a superfluous metal which has column-like structure by the same 
growth approach as having indicated in the example 3, Sequentially from a substrate side The concentration of 
electrons of 1x1017cm-3 Start in the 2 micrometers low Si dope GaN layer 7 which it has, the 1.8 
micrometers high Si dope GaN layer 6 with the concentration of electrons of 1x1019cm-3, the 100A 
In0.1Ga0.9N cladding layer 5 with the concentration of electrons of 1x1017cm-3, and a GaN barrier layer, and 
finish with a GaN barrier layer. The GaN barrier layer 3 of six layers which makes thickness 70A, Thickness 
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The aluminumO.2GaO.8N diffusion prevention layer 2 of the non dope of 20 or 30A of multiplex quantum well 
structures which consist of an In0.2Ga0.8N well layer 4 of the non dope of five layers made into 20A, and the 
0.15-micrometer Mg dope GaN layer 1 with the electron hole concentration of 8x101 7cm-3 It has the 
structure which carried out the laminating. Moreover, the top view of the electrode structure of the semi- 
conductor light emitting device produced by this example 5 is shown in drawing 2 . 

[0066] production of a wafer which has the epitaxial layer of the above-mentioned semi-conductor light 
emitting device structure — MOCVD — the following procedures performed using law. The same procedure 
was used as the example 3 described until it formed the AIN layer 8 which has column-like structure on silicon 
on sapphire. The flow rate of the flow regulator of piping of TMGa was adjusted continuing circulation of 
ammonia, after forming the AIN layer 8 which has column-like structure on silicon on sapphire. Moreover, the 
circulation to piping of Si2H6 was started. Si2H6 were circulated to piping to damage elimination equipment 
together with carrier gas, and they were emitted out of the system through damage elimination equipment until 
growth of the GaN layer of a low Si dope started. The bulb of Si2H6 was changed to TMGa after that, supply 
into TMGa and the furnace of Si2H6 was started, growth of GaN of a low dope was started, and the above- 
mentioned GaN layer was grown up over 15 minutes per hour [ about ]. The amount which SiH4 circulates is 
examined in advance, and it was adjusted so that the concentration of electrons of a low Si dope GaN layer 
might be set to 1x1017cm-3. Thus, the low Si dope GaN layer 7 which accomplishes 2-micrometer thickness 
was formed. 

[0067] Furthermore, the n mold GaN layer 6 of a high Si dope was grown up on this low Si dope GaN layer 7. 
Supply into TMGa and the furnace of Si2H6 was suspended over for 1 minute after growing up the GaN layer 
of a low Si dope. In the meantime, the amount of circulation of Si2H6 was changed. The amount to circulate is 
examined in advance, and it was adjusted so that the concentration of electrons of a high Si dope GaN layer 
might be set to 1x1019cm-3. Supplying ammonia was continued into the furnace by the flow rate as it is. 
TMGa and supply of Si2H6 were resumed after the halt for 1 minute, and it grew up over 1 hour. By this 
actuation, the high Si dope GaN layer which accomplishes 1 .8-micrometer thickness was formed. 
[0068] After growing up the high Si dope GaN layer 6, the bulb of Si2H6 was changed to TMGa, and supply into 
the furnace of these raw materials was suspended. Making it circulate as it is, ammonia changed the bulb and 
changed carrier gas from hydrogen to nitrogen. Then, the temperature of a substrate was reduced from 1 160 
degrees C to 800 degrees C. While waiting for modification of the temperature in a furnace, the amount of 
supply of Si2H6 was changed. The amount to circulate is examined in advance, and it was ac(justed so that the 
concentration of electrons of an Si dope InGaN cladding layer might be set to 1x1017cm-3. Supplying ammonia 
was continued into the furnace by the flow rate as it is. Moreover, circulation of the carrier gas to the bubbler 
of trimethylindium (TMIn) and triethylgallium (TEGa) was started beforehand. The steam of TMIn generated by 
Si2H6 gas and bubbling and TEGa was circulated to piping to damage elimination equipment together with 
carrier gas, and was emitted out of the system through damage elimination equipment until the growth process 
of a cladding layer started. Then, it waited to stabilize the condition in a furnace, TMIn, TEGa, and the bulb of 
Si2H6 were changed to coincidence, and supply into the furnace of these raw materials was started. Supply 
was continued over for about 10 minutes, and the Si dope In0.1Ga0.9N cladding layer 5 which accomplishes 
100A thickness was formed. Then, TMIn, TEGa, and the bulb of Si2H6 were changed, and supply of these raw 
materials was suspended. 

[0069] Next, the multiplex quantum well structure 20 which consists of well layers 4 which consist of the 
barrier layer 3 and In0.2Ga0.8N which consists of GaN was produced. In production of multiplex quantum well 
structure, the GaN barrier layer 3 was first formed on the Si dope In0.1Ga0.9N cladding layer 5, and the 
In0.2Ga0.8N well layer 4 was formed on the GaN barrier layer. After carrying out the repeat laminating of this 
structure 5 times, the 6th GaN barrier layer was formed on the 5th In0.2Ga0.8N well layer, and it considered 
as the structure which constituted the both sides of the multiplex quantum well structure 20 from a GaN 
barrier layer 3. That is, after growth termination of an Si dope InO.1GaO.9N cladding layer, after stopping over 
for 30 seconds, substrate temperature, the pressure in a furnace, and the flow rate and class of carrier gas 
remained as it was, changed the bulb of TEGa and performed supply into the furnace of TEGa. After supplying 
TEGa over for 7 minutes, the bulb was changed again, supply of TEGa was suspended and growth of a GaN 
barrier layer was ended. This formed the GaN barrier layer 3 which accomplishes 70A thickness. 
[0070] While growing up the GaN barrier layer, the flow rate of TMIn which was being passed for piping to an 
exclusion facility was adjusted as compared with the time of growth of a cladding layer so that it might be 
made a molar flow rate and might double. After growth termination of a GaN barrier layer, after suspending 
supply of an HI group raw material over for 30 seconds, substrate temperature, the pressure in a furnace, and 
the flow rate and class of carrier gas remained as it was, changed the bulb of TEGa and TMIn and performed 
supply into the furnace of TEGa and TMIn. After performing supply of TEGa and TMIn over for 2 minutes, the 
bulb was changed again, supply of TEGa and TMIn was suspended, and growth of an In0.2 Ga<SUB>0.8-N well 
layer was ended. The In0.2Ga0.8N well layer 4 which accomplishes 20A thickness by this was formed. 
[0071] After growth termination of an In0.2Ga0.8N well layer, after suspending supply of an III group raw 
material over for 30 seconds, substrate temperature, the pressure in a furnace, and the flow rate and class of 
carrier gas remained as it was, started supply into the furnace of TEGa, and grew the GaN barrier layer again. 
Such a procedure was repeated 5 times and five-layer a GaN barrier layer and a five-layer In0.2Ga0.8N well 
layer were produced. Furthermore, the GaN barrier layer was formed on the last InO.2GaO.8N well layer. 
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[0072] On the multiplex quantum well structure 20 ended by this GaN barrier layer, t[ie aluminum0.2Ga0.8N 
diffusion prevention layer 2 of a non dope was produced. Circulation of the carrier gas to the bubbler of 
trimethyl aluminum NIMUUMU (TMAI) was started beforehand. The steam of TMAI generated by bubbling was 
circulated to piping to damage elimination equipment together with carrier gas, and was emitted out of the 
system through damage elimination equipment until the growth process of a diffusion prevention layer started. 
[0073] It waited to stabilize the pressure in a furnace, the bulb of TEGa and TMAI was changed, and supply 
into the furnace of these raw materials was started. Then, after growing up over for about 3 minutes, supply of 
TEGa and TMAI was suspended and growth of the aluminum0.2Ga0.8N diffusion prevention layer of a non dope 
was stopped. This formed the aluminum0.2Ga0.8N diffusion prevention layer 2 of the non dope which 
accomplishes 30A thickness. 

[0074] The GaN layer 1 of Mg dope was produced on the aluminum0.2Ga0.8N diffusion prevention layer of this 
non dope. After suspending supply of TEGa and TMAI and completing growth of the aluminum0.2Ga0.8N 
diffusion prevention layer of a non dope, the temperature of a substrate was gone up at 1060 degrees C, 
having applied for 2 minutes. Furthermore, carrier gas was changed into hydrogen. Moreover, circulation of the 
carrier gas to the bubbler of bis(cyclopentadienyl) magnesium (Cp2Mg) was started beforehand. The steam of 
Cp2Mg generated by bubbling was circulated to piping to damage elimination equipment together with carrier 
gas, and was emitted out of the system through damage elimination equipment until the growth process of a 
Mg dope GaN layer started. 

[0075] It waited to change temperature and a pressure and to stabilize the pressure in a furnace, the bulb of 
Cp2Mg was changed to TMGa, and supply into the furnace of these raw materials was started. The amount 
which circulates Cp2Mg is examined in advance, and it was aojusted so that the electron hole concentration of 
a Mg dope GaN cladding layer might be set to 8x1017cm-3. Then, after growing up over for about 6 minutes, 
supply of TMGa and Cp2Mg was suspended and growth of the GaN layer of Mg dope was stopped. Thereby, 
the Mg dope GaN layer 1 which accomplishes 0.1 5-micrometer thickness was formed. 

[0076] After ending growth of a Mg dope GaN layer, the energization to an induction-heating type heater was 
stopped, and the temperature of a substrate was lowered over 20 minutes to the room temperature. During 
the temperature fall from growth temperature to 300 degrees C, the carrier gas in a fission reactor was 
constituted only from nitrogen, it was made capacity, and 1% of NH3 was circulated. Then, when it checked 
that substrate temperature had become 300 degrees C, circulation of NH3 was stopped, and the controlled 
atmosphere was used only as nitrogen. It checked that substrate temperature had lowered the temperature to 
the room temperature, and the wafer was taken out in atmospheric air. 

[0077] With the above procedures, the epitaxial wafer which has the epitaxial layer structure for semi- 
conductor light emitting devices was produced. Even if the Mg dope GaN layer did not perform annealing 
treatment for activating p mold carrier, it showed p mold here. 

[0078] Subsequently, the light emitting diode which is a kind of a semi-conductor light emitting device was 
produced using the epitaxial wafer with which the laminating of the epitaxial layer structure was carried out on 
the above-mentioned silicon on sapphire. About the produced wafer, with well-known photolithography, the 
translucency p electrode 13 which consists only of Au joined to p electrode bonding pad 12 with the structure 
which carried out the laminating of titanium, aluminum, and the gold to order from the front-face side at it was 
formed on the front face 1 4 of a Mg dope GaN layer, and p lateral electrode was produced. Furthermore, the n 
electrode 10 which becomes the part which performed dry etching to the wafer after that, was made to 
expose the part 1 1 which forms n lateral electrode of a high Si dope GaN layer, and was exposed from four 
layers, nickel, aluminum, Ti, and Au, was produced. The electrode which has a configuration as shown on a 
wafer at d ra win g 2 according to these activities was produced. 

[0079] thus — the wafer in which the electrode by the side of p and n was formed — the rear face of silicon 
on sapphire — grinding — it ground and considered as the mirror-like side. Then, it laid on the leadframe, it 
connected to the leadframe by the gold streak, and considered as the light emitting device so that this wafer 
might be cut for the chip of the square of 350-micrometer angle and an electrode might turn up. When forward 
current was passed to inter-electrode [ by the side of p of the light emitting diode produced as mentioned 
above and n ], the forward voltage in 20mA of currents was 3.0V. Moreover, when luminescence was observed 
through the translucency electrode by the side of p, luminescence wavelength is 470nm and the radiant power 
output showed 6 cds. About the light emitting diode of the produced wafer mostly produced from the whole 
surface, the property of such light emitting diode varied and was acquired that there is nothing. 
[0080] 

[Effect of the Invention] Since there are little rise and fall of temperature when the manufacture approach of 
the HI group nitride semiconducting crystal of this invention is used, time amount required for a process is 
short, and there is little power consumption. By this, compaction of a manufacture process and the formation 
of ** cost are possible. Moreover, according to there being little change of temperature, the curvature of a 
substrate can be suppressed to the minimum and the homogeneity of a crystal property becomes good. 
Consequently, if the semi-conductor light emitting device using a gallium nitride system compound 
semiconductor is manufactured using the manufacture approach of the III group nitride semiconducting crystal 
of this invention, the light emitting diode which has an almost uniform property in a wafer side by high 
brightness is producible. 

[0081] Moreover, according to the approach indicated to this invention, as compared with the approach using 
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the conventional AIN which carried out elevated-temperature growth, column nature is small, dislocation 
density is small and the component structure produced on it can produce the crystal in which a good 
component property is shown. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing J] It is the mimetic diagram showing the cross section of the epitaxial wafer which has the epitaxial 
layer structure for semi-conductor light emitting devices concerning the example 5 of this invention. 
[Drawing 2] It is the top view showing the electrode structure of the semi-conductor light emitting device 
concerning the example 5 of this invention. 
[Description of Notations] 

1 Mg Dope GaN Layer 

2 Aluminum0.2Ga0.8N Diffusion Prevention Layer of Non Dope 

3 GaN Barrier Layer 

4 In0.2Ga0.8N Well Layer 

5 In0.1Ga0.9N Cladding Layer 

6 High Si Dope GaN Layer 

7 Low Si Dope GaN Layer 

8 AIN Layer with Superfluous Metal 

9 Silicon on Sapphire 

10 N Electrode 

1 1 Part Which Forms N Lateral Electrode of High Si Dope GaN Layer 

12 P Electrode Bonding Pad 

13 Translucency P Electrode 

14 Front Face of Mg Dope GaN Layer 
20 Multiplex Quantum Well Structure 
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M**«fc^ft«BfiT*-3Tt)«W3ft^\ CO»&, «j| 

fiScgiis©sft^Mis?*^ffiic?ift-r^©T\ 
©s&Hfc «fe o jca(Effio«««">a < ft k> > it) m^ft 

[0 0 3 2] sKl/Hi. *5|B^©^ 1 ©XST«-r« I 
50 I S^ B B B i:ftSj:aic1-^„ f 



9 

&0. 1 nmfr& 1 0 0 nnu ifrStfl 0 n 
m^500n ma«OttttOti?*^fc-& l/fe6tt8« 

t-rs. i i iMmtvuzfevtm&ti-zc t\c£>) . 

[0 0 3 3] $fc*»BOS2©lSTtts I I I£JS 

HfcsswHWT, % i ©is? 1 1 1 mmm* 

t£#Zo tfgStf* I I I «gfl3ft¥Wtt»fltf G a N 
TS^i:, GaNiil I I «S{fc»iNW*:(0»*>Tt., 2 

[0 0 3 4] #%B,3©Jg 1 ©IS % *feH\ !g2©I 

TttWttfeKffc^faffSBKMO C V Dffi)*>$tfBxe 
^4->-S(V P ES)i&fflV^ l £©ftM 

ocvDftii, 1 1 1 imm<K>^m<ommwmx^ 

fcs MOCVDSianil ¥fiffcUfcS«*EJSJ!F© 
[0 0 3 5] £2<DIgt?MOCVD£TM I I SSffc 

*¥«WMSfi**fi"rsiR<ois«©ia*{4, 9 5 o°c^ 

6 l 2 0 0 °C> ^BM©E2l«: lOOOPaHlxi 
0 s Pai:t«OtfffJU\ 

[0 0 3 6] &2©l6TN»B'r*SjlSK)Sfcl, 

fci&#*Lio. I I I SslRfci: LTtau hU^f-;l/7;l/ 
HJx?-;l/7;l/5x7i^ £-5/-v'J7>;l/ 

T?*«. £/c. If? 2 ©IS? I I 1 *&<Hft¥«ft|gJI 
£/&gT3[&©V/ I I IJttt, 500~2 0000t 
T£©*>W*U\, 

[0 0 3 7] ±K©£K Sl2©Iig£W 

I I iKSft^^«^ B B B ©S)i^}t<i;f3, 
NIs **a©7*n-fexfc«fc»), «R±tiS-tt« , W<^ 

*&fitt©&vM i immm^mwfc&Kfcm-z^h 
wt#«o ee-pT±ta©i 1 1 s£^^w**s B B B ©± 

?r/WXSS<0ff«k:fl§^5n*aB«fifi%Wr* I I 
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[0 0 3 8] 

IS**. 

7 A (TMA1) <DMfS.t hVtf-frtiVVl* (TMG 
a) ©3BR%*;Wt»£:l,Tl : 2T?«£l,;fc*M**£tf 
10 7V^7 (NHO *-5tsm#*WM-?%®. 

ittfV 9A«hRfr&fc«G a NmmmLtco % 1 ©I 
gtffl^^ftT«OV/I I IJ£{±> |Q8 5T?&£ 0 
[0 0 3 9] ±IH©G a N*«-&trt6eB©fHKtt, MO 
CVDtt*fflV^TJJ(TO?Weff-3fc. £-f> -9-77^ 

20 3tcLfc„ ss^nsfis-efta-r*©*^ ttt^r 

BHl£ft;fcE3OT©filSIF©*k:*ALfco -9-77-T7 

ASL SBR#X%H61LTKJS03rt*/<-^l,;fc. 

1 0»**HtT»ISJa** 1 1 7 0°ClC# 
igtfco S1£fig£l 1 7 0°Cfc«ofcS:£, 

30 v;V^'J— -y^gfjofto -9--v;i/^u-xy 

U^/I/tfU^A (TMG a) ©Aofcggg C/W) 
43J:t>*b'; p<f-;b7;P5-7A (TMA 1) (DX-ofc® 

m <Dm t §ic*m* j ?v7#x*ffiMLT, ^ 

y^»cj;-pT^bfcTMG afeitfTMA \ <DM% 

40 UjLft, t-v;^v-xyyo«7^ g^*^U7 

[0 0 4 0] *r*V7H7.<DWK>mxM, WfaV'Ug.* 
1 1 5 0°C\m&Z*kfc c 1 1 5 0"C-eSS**£5£bfc 
0*S«KL^ 7>^x7I2W©^;l/7 > ^^#. 7V 
*x70jtFrt^©«BB%PBS6tfc. I^TTMGafcT 
MA 1 ©SB < B'0''Vl'7^|BI^{c^]t)#^.N TMGatT 
MA 1 ©««*-&tpaft»aSJF^«iebT, "9-7 7 

^7««±tc 1 1 1 aaflft^vfuHwrc&sns 1 © 

50 Ig^M^Lfc, i^TMC aiTMA 1 <E>S£J± 
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i i i ittps 5 ta^iio icMfflLtco 6#p a i«i© 

ft, TMGa^TMA l©ia^^l>l/7"£|BlB#J;:gjQ# 
X, TMGahTMAl O^M%#tfM#^KJ£IP^'\ 

[0 0 4 1] 3^©7^-;l/©^ 7>€r7^XO 

tec zvmfo, tug acDw, t g<Dffi.mwm%i<DMnzm 

WLfCo 4ft<D'&, TMGa<0/^7^!)f^TTM 
G acD^vDtt^lffl&U G a NOJ&S^M&L 
fc. ^ 1 ^KiilgoT±fH<DG a NJf <Dj£M£fTofc& 
fc, TMGa <DffiM<D'W7%ty} (3 Hk., fm©SStfF 
^©#y&£iirrLT/&fi£{?itLfco GaNI©^ 

«©iaa^s*T-2 o^^HtT^tfco ffit 

^gfS^Kllifr S*il/£L/c*\ S«©agtf 3 0 0 °C £ 20 
[0 0 4 2] £L±(DXM\c£r>, -9-7r^7S«±fctt 

vmm.*m-3&mm\<r> 1 1 1 ^gfttwftif 
Ltd i immim^mm^mmm^xh^^t^ 

bV<Dt>(D-C%>2,££%KLT^rc 0 J&gffi&§£®-?& 30 

[0 0 4 3] JiECtfSrPiafifcfTofcT'yF- 
7G z\im<OWkW*y 713-7 (XRC) S»?t 

ofco sctta* c u pmxm%%.m*ytutbzm^ 
~Cs MSffiT-fes (0002) mtimwmvhz c 1 

0-12) BTffofco HRWfc, Sfb!f U 7A£{ta- 
WtSft©*t-g\ (0 0 0 2) E©XR CX^t h)V¥ 

(i o-i 2) B©XRCX^^b;V^fiifaiiKffi^JS 
(y^xh) ©J§1S£&3 0 cwms©^ 40 

HmT*ftWkLtc7y F-7G a NBfi, (000 2)® 

mmx^t^mm 2 3 o#, (10-12) ffi-e&¥f* 

if§3 5 0#£^Lfc o 

[0 0 4 4] $fc, ±fH©G a NS©»*ffi£-j|3l$& 

n?ra^5i« (afm) zm^rwmLrc* zcom 

[0045] *uw<vmmz. wmmi'mwm (t e 
m) vwmbtctcz, y-7T'(7mtiLbm{tJJvvi> 
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OA 1 NmtfWm-ZftTco mmiZ6 0 nnvgJgT&tK 
SWi:l!i^gg»i5 nmfr5 5 0 nmT&ofc, CO 

ft3 0 7E^#Tfc:<};n^ C©fHfi2 0%igjg©G a£ 

[0046] (mm 2 ) 2 mm 1 t « 
t&mvxm*s ucisti 1 1 siasfl3»iN»fl: 

[0 0 4 7] *6m<DEf?Tffi^ 3§ji§y*^» (T E 
M) -pfcSll/fcfcCS, -9-77-r7»££g{btfl>7A 
■ i:©f?S£fi. S«©A 1 NlS,ilSt##fiELT^*<: 

t*w?nft„ jaiMMfffcintf^ £©«*&»{* 1 5 

%&*©G a*-£A/?l^fc„ 

[0 0 4 8] ^H^T'P-bXt^tf'S'eilU^M^T 
S'-fcJS^WfcSHWR (AFM) tTWKLfefcC5, 

•9-7 y >r rsffitc a, ±^ e, mfc^tw^^tffc a 
ftjgtt-p, mmtPi3fcVi<Dmtt*G-?2,mit7)^-7 

[004 9] (HMM 3 ) *ggfifeffl 3 T?ti, WmCDHK 

;l/7;l/5-»7A (TMA 1 ) (Dmm^tsiciftZffiM 
U ^©IgfcLTTMGafcrvt-rfc&fSILT 

Hl/fcV/I I I JtttO SiSjtFCSiE^S 

[0 0 5 0] ±I2©G a NM**trtm<DfHHl4, MO 

^^fxs^^nfc^P-7#y ^xo*t\ jnJftffl® 

1 0^**^T46tEa**6 0 0'Ctc#SLfco S 

hU^^^U^A (TMGa) ©AofcSfg 
(/^7v) ^.ttf hU^^r^S-^A (TMA1) 
©A-pfcS^ Wf) ©Efffc:*iR*^y7^X*a[ 

slt, /<ry^*pw»bfc. #^79©a*ti, s 

S^WSEf S fe»©fIiaW*fflir^T-S»«:ilSELTfev^ 
^c 0 /^y J;?Tatl/feTMG afeitf TMA 
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[0051] *t'j7^o«of^ mmcDumz 

1 1 5 0°Cim'U-£-£Tc o 1 1 5 0°CTU&tf ! £%.Ltc 
(D%mMLtc^ TMA 1 (Dm^<DWf%Wr>*£z.. 
TUAKDmm^tS^W^RltP^^Ltc, CCD 

tma i tmmiz'pmcDN tmm^m^ ? titct^ 
*mmz®<omx, tma Komm^ts^^R^p 

[0 0 5 2] 3ftm<D7--Jl(Dr£, 7y£-7ji7.<D 

mg A<DU^<o/%^y^m<om^ wm<drj^p^<d^ 20 

^^7LT^cS^±L/c 0 GaN/icQ/&5£f*TL 

S^fiST2 0#£MtTP$iSLfc o Kfi^ti, SJS 
JpftOflHtMg * i: fill; £ 5 7 v 7 i: gift i: 

Tkmfr zmi$.Lrct>\ mmcDU&tf 3 0 0 °c t&ircv 

[0 0 5 3] «±<DI*§l£,fc^ if7T^7mffi±\cm 

1 ©iSTtt^Sjt^^o^jsiipj^ 1 1 1 mmm* 30 

G a NS^^LfcM^tSLfco ft LfcS^ii 

MLTfeo, astowsic^Lfc 1 1 immtvs* 

[0 0 5 4] ±IB©^?*T-j5Scfi^tf -pfc7y F— 

7"G a NJf © X R C SJSfcfr o fc. HSIctt, C u 0 Ml 

x»ss^»*)t»i:LTffl^^T, (ooo 

2) ffitlfJWWPfcS (10-12) ffi-Zfffofc. ffi 40 
3£©iaS* *£W<D^TfEBLfc7:/ F-7G a N» 

(0002) a©sij^Tii*fai|i 200©, (10 

-12) ffiTlt¥im3 3 0#^Lfc o 
[0 0 5 5] tlty ±IB<0G a NJI©*Sffi%-HRWft 

mirmtimm cafm) fc^-rtsiLfc. 
xsic tifigs e «y haft b n*\ fi»4*7*o^ 

[0 0 5 6] *6eB<D»ffi*, &B£!*?Kffift (T E 

m) xm^tctcz, y-yrjrmmtmitJJWh 
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-DA 1 NB&bHWretifco H/PJi 2 0 n migft-eSt) , 
fifffc&fftDffiltfi 1 0 n m^e. 5 0 n mX^Tc 0 C 

frttSo 7t^^*f»C<fctl(f> C©H(i5%@ja<DG a^ 

[00 5 7] (HB6M4) *HSSM4T*{i> 
mUtlCgl (DT&t LT, bV ^f-?V7^S.-vh 

(TMA 1 ) <Dm%tbV *?)\"(y*J7h (TMI 
n) flWR»*^HtfcLT2 : 1 Tffl^LfcSMfrfc'St? 

++»J7^Xi:LT^%ffl^T}JiBl-r§J!ia 
*fiSU f£2MSilLTTMG a£7>^7»l 

#y 9i4SA»&ft« G a NS^ftSUfCo £ 1 ©I@ 

ic&^t, y 7#xT-&£^ii;tfxtf t>f^c#8? 

[0 0 5 8] ±M<DG a NH*-&tfWfi©ffi«J4, MO 
7fflR*WX-rSWt. P?StllT?fTo;fcfl@©jag'C£ 

KB©»SJIW>#fc»ALfc. -9-77^7SIK&, 

t^TiiaLfta, s»inj»si;-^*fnft«^ 1 

O^i&^^TSIRia** 1 1 7 0°ClC#SL/c o ssa 

p»9^mkslt, mmmmoy--~?fr?v--y>f*: 
jptaRsnfeieRTffeshu^^jsry^A (tmg 

a) (DAofcSS (/^^) *5it»y^^7^5- 
<>A (TMA 1) ©AofcrSfg (^^) isZXfhV* 
f-MZ/Wl* (TMI n) ©AofcSii C/*79) <0 

e«»c^r*+ y 77tfx^}jf8iLT, /^y yy*mm 
^^v>T-^fcpSLTfci/^c 0 /^y >^iaoti 

^LfcTMG afc«ttf TM A 1 *5«fctfTM I n<0l| 
[0 0 5 9] + J fy7^7.CD^D#X.1t, Stg^fiig^ 

1 1 5 o'cimuz&tzo 1 1 5 o°cx'um^mLTc 

<0*StKl/fc^ TMIntTMAl ©Etf4)/W7% 
[Rl^Flc^at»^^:. TMIntTMAl©Iimf* 

«±fci 1 1 mmtm¥mw*ttmi£*k%®m:ffl&h 
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fc. GHStSTMI niTMA I >W> 
^*IMfc»LfcW«IW»TC;l/Jt*T 1 : 2 £ 

a* £ 9 \am Lfc. 6 »m© jaa©a, t m i n t t 

MA 1 OEgO/^l/7%ra^t«t)©^ TM I n i: T 

ma i ©^wrtR^asjprt^iwsffiu * 

©*3:3»IIHS8*l,fc. 

[0 0 6 0] 3»W07--;l/0^ 7V^7^© 

*m!&Ltzo %<D%% 4ftffl7y*-7*mmi£#tco 
^■OWtx TMGa©E©©«E«fBlffioaE**aiaiL 10 
fc. 4#©f£, TMGaO/W7WDf^TTMGa 
OjPrt^(ft»*HI»L, GaN<0<Sg*MS&U£o 
l^fcS^T±fa©G a NB©$M£It-3 fc&k. T 
MGa©BE*©/W7*«Jt)»*., l^gJS^iDffi 
IS*»7LTjaS*ff±Lfco G aNB©$g£l*7L 
4& ii*ftnft3 - * ^©jimSrffit t T s S«©*S 

**frS**Ufc#, S«©iS£tf 3 0 0°Ci:4^4© 
*HHE«. 7V^-7fc#*©#9&*#ihL4. ^© 20 
gJg#X£i^L4jb<&S«fig*^fi$-ei$$iS 

[0 0 6 1] tt±©njStJ:D, -9-7r77Stg±tctt 

ifl§jg£8o&Bisi© 1 1 1 mmitVd¥mfcmttBi& 

U %(D±\c7yb*-?T*2 timCOmmcDG aNJ8*& 

[0 0 6 2] ±me>Jjm-?j£m*fi?nL7y f- 

^GaNS©XRCj|l3£*fTofeo C u 0f| 

X«554»*3fc»fcbTfflV^T, (0 0 0 30 

2) SifcgttftiB'TfeS (10-12) jBTfrafco £ 

©s.i£©*gg* *mw?im?imLrc7 yv-fc a 
ns«x (0002) mcowmTit^mm 3 5 0 

(1 0-1 2) STiJ:^fflipM4 0 09**Lft. 
[0 0 6 3] $4, ±E©G a NB©«Sffi£-|g6<j4 
JStPWaiMWI (AFM) *ffl^T«aiLfeo ^tOtS 

[0 0 6 4] #6m©frffi£s jgiii«7-5i«K§l (T E 

m) vm^htctc^ ^yr^7mm.tm\tis^)^h 40 

OA 1 I n NlHWinft. HWfi: 1 0 n m8«T& 

[006 5] (*S£#J 5 ) #HSS#iJ 5 Tfi, immv> I 
4fgS i K-7G a NfSASfHHU ;*?>lc*©±k: I 50 
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1 1 Mmitm^mftte&mzBi&LTmi&mcm 1 ic* 

fififfl 3 IcGSc L4© k n C/£S73*£k: <fc r> Ttttf©«jg 
*#o&IBi*I©A 1 N»8*»i«Lfc©^ SKiJfr 
Mc, 1 x l o" cm" 3 ©*?»S*«f0 2 /tmOffi 
S i F— 7G a NB7, 1 x l o" cm" 3 ©«7-zSia% 
JtOl. 8 fim©iSS i K-7G aN!6, lxio" 
c m" 3 ©«7-?lJS#J$0 1 0 0 AO I n o.i Ga.. 9 N * 
9 v KB 5 , G a N?fgBfc&&$ t> G a N^HBlCflfr 
BJ¥£7 0Akf£6B©GaN|gigB3i:s BP 
£2 0AkfS5BO7> F-7© I no. 2 Gay N# 
pB4k^P»4S^MS7#P«iS2 0, 3 0 A©/ 7 
K-^OAlu Gau N»ttl»ifcS2* 8xio" c 
m" 3 ©JE?LzIS£?#O0. 1 5 ftm©Mg F-7G a N 

[0 0 6 6] JhE©4 s *»J»WS?«S©xi;$^5'* 

WTOWPfr-afc. ^7777«^M£tt©«Si£ 
JtOA l NB8*Jg«-rS$Ttt, HSECT3Ta3^L/c 

©fcrat^iwt/i^fc. ^7 7-r7SS±fctt«<D«ig 

fc&OA 1 NB8£Jft£L4&, 7>*-7©ffii^I 
tf4*^ s T M G a <DttomWMB3t<DWak1tWm t 
4c *4v S i 2 H 6 ©BBf ^©Mil^HB&t^c fgS i 
F-7©G a NB©jafttfS&$S$-e©|Ifc S i 2 He » 
y 7#7£-&^§gB^©EW'\ii*SI£-S\ It 
*S«*atTIRft'\»aiU4. f©tTMGai:S i 
!Ht(0;W^!Pix.TTMGai:S i 2 He CD*FF*3-^ 
©#l&*INtt&U <gF-7©GaN©J&g£lffl&U ® 
1 BfPall 5^fc»^T±EOG a NlC^froft. 

s i H<cotimz-&2>mitmmcmsLT&t)s i&s i 

K-7G a NB©«7i§Jttf 1 x 1 0" cm" 3 k4£ <fc 
3teH»l/fco ^©.fc^lcLTs 2 /1 m©BW*JSS'Tffi 
S i F-7G aNl7$MLf;o 
[0 0 6 7] Ht, C©iSS i F-7G aNB7±fcS 
S i F-7©nSGaNB6*fiKSU4o fgS i F-7 
OGaNI*ig«, l^HKttoTTMGaiSia 
HiOJFrt^OflMgfcffcfcLfc. ^©PbIs S i 2 Hs©)!S 

AS i F-7G a NB©«7«tf 1 x 1 0" cm" 3 k 
4S«t3k:ilSEl/4. 7>t-7tt*©* *©^»T-^ 
rt'xftt&LIIISttfco l»IB©ff±©^ TMGakSi 

©imciD, 1. 8^m©H/i^fi!c-riSS i F-7G 
aNB^fiicLfco 

[0 0 6 8] WS i K-7GaNJi6*lSSL4«, T 
MG afcS i 2 He©/^;U7^t)#K.T, CftS©fm 
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<D&ft'\<Offi&ZW±l,rZo 7y*-7lt*<D$%ffiM 

zmm^womz-tco ?<dwi, mfa<DU&z 1 1 6 o°c 

fr£8 0 0 o CMgT£-ti:fco 4pfi©SS<^if ^ft^ 
t, S i 2 HeO#t|&»^MLfc 0 ifijI^SSJiWiu 
t^MLT&tK S i F-7°I n G aN«7 FJi©« 
7?ffitf ] x l o" cm" 3 i:&3£-?lcpSLfco 7y 

&ZfrVtbhV tf-Jl-JyWl* (TMIn) £HJx 
f-;l/*'U>>A (TEG a) (D/^-7'\C)4 i -V , ;77!fX© 10 

^tcfcoT%£LfcTM I nfeiO'TEGaOlKi, 
F/l<D/£gIgtf&$;S£T*fi, *VJ7#Xi; 

oT, TMI nfcTEGafcS 1jH«0/VI/^*^»C 

i oftfflicmiTm&zMML, i o o k<Dmm*m 

S i no, Gao. 9 N^"77 FJi 5£JML7c„ 

fO^ TMIn, TEGafeiO'S 20 

[0 0 6 9] ^ CaN£f)&3Pii*/i3i: I no. 2 
Gao., NJ;9&3#pg4T-4#$£ft3£fi»7#P 

Xlt, SiK-7lno., Gao.9 N ?5 -y Fjf 5±fc, 
#}46tGaNPtllB3»£U -?-<DG a NP$SS±fc 
I no.2 Gao., N#p«4^^cLfco £©1Sig£5(e] 
mOMLmmLtc<D^>, Stacin.. Gao.o N#p 
«±t, 6fi©GaNBgMMU £M7#P 
«it 2 0 G a N ^gjf 3 ?>$g/j!c t fc«jg £ L 30 

f^t>%, S i F— 7" I no.! Gao. 9 N7^<yF« 

X\ T E G a 0/^1/7^9]?) fx t T E G a ©(pfi'MD 
#Ja^7ofco 7#P^ca?TTEGa<9#t^£ff-3fc 
mWW7ZW3WA.T7 E G a©«&£f?itLT 
GaN|^gJl(7)fi)cg^7Lfc„ cntitK 7 0 a© 
HJP^^G aN^S3*^L7Co 
[0 0 7 0] GaN^HO^ffon^PI, fifcft 
^M^iBWt^bTl/^rcTM I n©^ta%, 40 

dtlTOLTfc^fco G a NEfgJlcD/j!cg*?7^ 30 

©rats^Ti i immw<oi&&%w±Ltc<D%, mm 

$T\ TEGaJ:TMIn©^;l/7'^t)i^TTEG 
atTMIn (Djpft'\<DmiZft i tc 2 »Hfc W.^ X 
TEGatTMI n <DW&tftr>1tfk, mtf/VlfZW 
!)f ?tTT EGatTMI n<D&m*WltLX I no. 2 
Gao.8 N#P/I<DfiScfi£iSS7Lfc,, CWa020A 
iDlfWIn.. Gaoo N#pjf 4 ^jSL/i„ 50 
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[0 0 7 1] 1 no. 2 Gao.8 N#pB<7>JjScfi**7^ 3 

o#F»ti i \mmm(o^^w±Lrc(D^ m 

TEGaOr^©PJ&^WteU Ht/G a N 

U 5S©G aN^Si:5/i©I no. 2 Gao.. N#p 
S^rftSaLfco MfC, no. 2 Ga... N#pB± 

{CGaNl^igS^^LTCo 

[0072] cog aN^mx-mTtz&nm^ttp 

Sji2 0±fc s yyF-y©Alo.2 Gao.8 N&fdftii; 

(TMA 1) ©^7^©4^y7#X©»&|lfl&L 
Tfc^fc /^yy^cioT^LfcTMA 1 

Lxmn^mmLtco 

[0 0 7 3] 1Pft(DI±±l1)' i &MirZ<D*ft-oX, TEG 
atTMAKD/^7*%«?)i^ Cft&<DJi5ftcD*Prt 

fTofcSi:, TEGafcTMA l€>#tt&*fjiihU 
F-^Alo.2 Gao.8 Nmffi±m<Dl&&*&±L 

o.2 Gao.8 Nffl!SmjkS2*&l&LtZo 
[0 0 7 4] £<DSyV-7<DA lo. 2 Gaoo N&gfcK 
lh»±t, M g F-7CQG a NS 1 £{f §ULfc 0 TEG 
a tTMA 1 <D#t^£ffjJLLT, / > F-7<D A 1 0.2 
Gao.8 Ntjffl.ffi±M<Dj££t>mTLtc&, 2#fW£fr 
££®£ft$ 1 0 6 0°Ct±HLfc o JEts * + 
'J7^***t«3eL^o £7c, IbZfrVtbZXi/ir 
U^y^'Jju-^^i/^l^ (Cp 2 Mg) <D^7? 

t«toT^LfcC pzMg (Dmmt, MgF-T'Ga 
N»0«SISft%*S*Tftt. **';7#Xi:-i!ffc 

[0075] fi*fcEij*«jeLTiPrtoff*3!«e«'r 

TMG ai:C pzMg<DfV\,-7l£q)<9W 
K., cneOJl^O^^tO^^M^LTC. Cp 2 M 
g%i>itS«-(i:«g{i*Wt^LTfe?), MgF-^G 
aN^77 K»©iE?L«*^8 x l 0" c m' 3 fcft* J; 
•5tiiSL7tc »6»|!Bt»oTiaS*ffofe 
Si:, TMG afcCp2Mg©§»S*ff±U Mg F- 
^©GaNS^S^fflhLfco Ctit«tO^ 0. I 5 
ft m<£>§£JS£jj5cfM g F-^G a NS 1 *«?nfc„ 
[0 0 7 6] Mg F-7G aN*OlSfi*«7t^ 

SSt?2 0#*frW"T»fiL;fc. AftfiXA«e 3 0 0 °C 
S1SiaS^3 0 0Xi:ftc7c<D^5IEb7c^TN 



(11) 

19 

[00 7 7] W±©«t 5 ft#*fe: * 0 , ^tt^ftHs^ 

-'VjfflNHl/fc. CCTMg F-7G a NMttpSMr* 
'J 7£ffi1£{fc^££&<D7x-;l/M3l£fTfe&< T& p 

[00 7 8] ±SS0^7T^7»«±lcxe^ 
* f -V iHSItfli 2 tlfcx tf * * ;1/ 1> x-m* 10 

SLfc ftSLfc^x-^CO^T, fi»07*hUV 

rdmzn-Dpwmxyrjy?'^? f i 2 t^nta 

^y«frlf\ SSS i K-^GaNJB©nffl|«B*^ia-r 
l*«BS-8\ SffitfcgP^fcN i , AK T 
K Au04S±!)fcSn»Kl OfcfHHLfc. £ft5 20 

[0 0 7 9] CO«t-5lcLTpfJfe«J;tfnffl!(0«8i^ 

fcaist, y-H7u-A±icmeu &lfreU-F 

imLtzftftPJ*- F© pflJ43«feI?nfi|©«iWk:« 

*Ete3. OVtS^/i. pfll©jl)teftWi*jl 
LT^^m^LfcilC5, %m&mi 4 7 OnmT* 

- Fowtttt, f^ebfOx-^<Da{S^®^e»f^!$ 

[0 0 8 0] 

*%BJ© I I I %£«^¥*ti*N&<DH 



WH2 003-243302 
20 

3, *-<D*SHs #fg8£©I I I £M:«mFttttA<OH 

[0 0 8 1] Sfc, *5EWfcE*bfc^ffi»c«tntfx ft 
#©SSiai&gLfcA 1 NZm^ttmiclAMtLTZl?!* 
tt*MS < < , f(0±fcfWLftlHHI 

o 

[0ffitDfS#£IBPJI] 

[01] *»M©H»ffil5»c«toa¥llft3&t*?ffl(0 
x tf 2 * > ;i/«KS* WT 3 x tf * * > * ;i/ x - / n 

[0 2 ] xmrnmrnm 5 tm^wttajt*? ©* 

1 MgF— yGaNI 

2 yy\t—~7(DA 1 0.2 G a 0.8 NMiStKih® 

3 G a Nl^lgg 

4 I no.; G aos N#Pl 

5 I no.! G at.) N^-y FJi 

6 AS i F-^GaNI 

7 fgS i F-^GaN* 

8 £JSj§£<J<DA 1 NS 

9 "9-7rW7*R 

I 0 nWM 

II AS i F-yGaN»©nflf«g*»j«-r*aJ» 

1 2 p ti^>f-f >7"^7 F 

1 3 mw&pwm 

14 M g F-7G a NSOigm 

2 0 f£*»?#F«5I 




(5l)Int.Cl. 

HOIS 5/343 



6 1 0 



02mm mm* 



F I 




T-73-K (#3 


HOIS 


5/343 


6 10 5 F 0 7 3 


F^-A(# 


Hf ) 4G077 AA03 


BE11 DB04 DB08 EC09 




EF03 


HA02 TB05 TC01 TC13 




TC14 


TC19 TK01 




4K030 Mil 


AA13 BA02 BA08 BA11 




BA38 


BA55 BA56 BB03 BB12 




BB14 


CA05 FA10 JA06 KA23 




LA14 


LA18 




5F041 AA03 


AA09 AA41 AA42 CA40 




CA46 


CA65 




5F045 AA04 


AB14 AB18 AC08 AC12 




AF09 


DA53 DA55 DA61 




5F052 JA07 


KA01 




5F073 AA74 


CA07 CB04 CB05 DA05 




EA15 


EA28 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



